Transamination between the ketonic Mannich bases 1a, b and primary arylamines gave a series of ketonic sec-Mannich bases 2a -h. A variety of tetrahydro-1,2,4-triazepines 3a -f have been synthesized by treating the arylhydrazones of 2 with formaldehyde. A similar reaction with the benzenesulfonylhydrazone of 2b afforded 4. The 3-styryl-2H-1,2,4-triazepine 5 was obtained from the phenylhydrazone of 2a and cinnamaldehyde. Treatment of arylhydrazones of the 4-methoxystyryl keto base 7 with formaldehyde and cinnamaldehyde afforded the 3,4,5,6-tetrahydro-2H-1,2,4-triazepines 8a, b. Mannich reaction with 4-(p-hydroxyphenyl)-tetrahydro-1,2,4-triazepine 3d afforded the Mannich bases 9, 10 and 11.
Introduction
Mannich bases have been used extensively in the synthesis of heterocyclic systems [1 -6] and of heterocycles having a potential basic side chain of alkaloidal nature [7 -13] . In particular, ketonic tert-Mannich bases and their quaternary salts have been employed frequently as potential intermediates in the synthesis of a multitude of heterocycles of pharmaceutical interest, such as pyrazolines [9 -11] , pyridines [3] , piperidines [14 -16] , 1,5-benzo-or 1,5-hetero-diazepines [16 -19] , and quinolines [20] . The use of secMannich bases as synthetic intermediates has been reported in a limited number of cases for the synthesis of pyrimidines [21] , quinolines [22, 23] and isoquinolines [24, 25] , and recently we reported [16] the synthesis of the 2H-1,2,4-triazepine ring system starting with ketonic sec-amine bases.
In connection with our studies in the area of Mannich bases [4, 11 -13, 16, 26] and in view of the widespread and increasing interest in the chemistry and biological activities of Mannich bases and related compounds, the synthetic potential of ketonic secMannich bases as intermediates in heterocyclic synthesis was further investigated. We report here on the synthesis of some new functionalized tetrahydro-1,2,4-tri-0932-0776 / 11 / 0600-0577 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com azepines, tetrahydro-1,4-diazepines, tetrahydro-1,5-diazocines, and bi(piperidines), which possess considerable synthetic and pharmaceutical interest.
Results and Discussion
A series of ketonic sec-Mannich bases 2a -h was prepared by transamination reaction between the ketonic tert-Mannich base hydrochloride 1a or 1b and the appropriate primary aromatic amine, according to an earlier report [27] . Compounds 2f -h have been reported for the first time by this study. It was found that treatment of the ketonic sec-amines of the type 2 with p-nitrophenylhydrazine or phenylhydrazine, and subsequently with formaldehyde under mild conditions, afforded a series of 3,4,5,6-tetrahydro-2,4,7-triaryl-2H-1,2,4-triazepines (3a -f) with different substituents on the 1,2,4-triazepine ring (Scheme 1).
In line with this, the 2-benzenesulfonyl-tetrahydro-1,2,4-triazepine derivative 4 was obtained by treating 2b with benzenesulfonyl hydrazide and formaldehyde. The synthesis of the 3-styryl-tetrahydro-1,2,4-triazepine 5 was achieved by treating the phenylhydrazone of 2a with cinnamaldehyde. A practical advantage of the reactions leading to the 3,4,5,6-tetrahydro-2H-1,2,4-triazepine derivatives 3 -5 is that it is Scheme 1. often unnecessary to isolate the arylhydrazone intermediates of the ketonic sec-Mannich bases. The mass and 1 H NMR spectra of compounds 3 -5 are consistent with their structures. The main characteristic features of the 1 H NMR spectrum of 3a are a singlet at δ = 5.35 assignable to 3-H 2 and two triplets at δ = 3.65 (5-H 2 ) and 3.38 (6-H 2 ), and a singlet at δ = 2.33 (Ar-CH 3 ). The mass spectra of 3a -f, 4 and 5 contain peaks of the respective molecular ions, and fragmentation patterns which supported their structures. As an example the fragmentation pattern of 3c is depicted in Scheme 2.
The scope of the above reaction has been broadened by treatment of the arylhydrazones derived from 1-(p-anisyl)-5-(p-tolylamino)-1-penten-3-one (7) with formaldehyde or cinnamaldehyde to afford 7-(4-methoxystyryl)-tetrahydro-2-phenyl-4-(ptolyl)-2H-1,2,4-tiazepine (8a) and 7-(4-methoxystyryl)-3-styryl-tetrahydro-2H-1,2,4-triazepine (8b), re- spectively (Scheme 3). The analytical and spectral data of 8a and 8b are consistent with their structures. The Mannich reaction of the 4-(p-hydroxyphenyl)-tetrahydro-2H-1,2,4-triazepine (3d) is of particular interest, because it provides access to tetrahydro-2H-1,2,4-triazepines having a phenolic Mannich base as a structural unit. This has been achieved by treating 3d with dimethylamine or piperidine and formaldehyde to give the mono-(Mannich base) 9 or the bis-(Mannich bases) 10 and 11 depending on the molar ratio of the reactants (Scheme 4).
The structures of compounds 9 -11 are supported by analytical and spectral data. The 1 H NMR specrum of 9 displays four singlets at δ = 2.38 (NMe 2 ), 3.67 (Ar-CH 2 N), 5.17 (3-H 2 ), and 6.71 (ArOH), and two triplets at δ = 3.62 (5-H 2 ) and 3.34 (6-H 2 ). The mass spectra of 9, 10 and 11 revealed molecular ion peaks at m/z = 400, 458 [M+1] + and 537, respectively, and fragmentation patterns which supported their structures.
In connection with the present study, the transamination reaction between 1b and o-phenylenediamine afforded the 2,3-dihydro-4-(p-hydroxyphenyl)-1H-1,5-benzodiazepine 13. It is believed that the initially formed intermediate 12 readily undergoes cyclodehydration to give 13, as confirmed by analytical and spectral data (Scheme 5).
On the other hand, the reaction of 1b with ethylenediamine led to the formation of 2,3,6,7-tetrahydro-1-(β -4-hydroxybenzoylethyl)-5-(4-hydroxyphenyl)-1H-1,4-diazepine (15) rather than the tetrahydro-1,4-diazepine 14, which would be the expected product. Obviously, 15 was formed via the intermediacy of the non-isolable tetrahydro-1,4-diazepine 14, resulting from the cyclocondensation reaction of ethylenediamine with 1b, which readily reacts further with a second molecule of 1b via transamination to afford the new Mannich base 15. The reaction of 1b with 1,3-diaminopropane proceeded quite analogously to afford 3,4,7,8-tetrahydro-1-(β -4-hydroxybenzoylethyl)-6-(4-hydroxyphenyl)-2H-1,5-diazocine (17) . The reaction of 1b with ethylenediamine and 1,3-diaminopropane is of particular interest, because it offers access with good yields to the new tetrahydro-1,4-diazepine and tetrahydro-1,5-diazocine Mannich bases 15 and 17, respectively.
The mass spectrum of 17 exhibited a molecular ion peak at m/z = 352 [M] + and a peak at m/z = 110 due to the tetrahydro-1,5-diazocine unit. The side chain can be identified by two peaks at m/z = 121 and 149 (Scheme 6). The formation of 15 and 17 is in line with our recent report [16] on the reaction of bis-ketonic Mannich bases with ethylenediamine.
On the other hand, the reaction of 1a with 1,3-diaminopropane in a molar ratio of 4 : 1 takes a different course. The reaction proceeded smoothly to give 1,3-bis(3-benzoyl-4-hydroxy-4-phenylpiperidin-1-yl)propane (19) , via the intermediacy of N,N,N ,Ntetra(β -benzoylethyl)-1,3-diaminopropane (18) , which undergoes intramolecular aldolization to give 19 as the end product. The identity of the product as the bi-(piperidinol) 19, and not the isomeric tetraketo base 18, was shown by the IR spectrum which displayed a strong OH band at 3421 cm −1 as well as the absorption band at 1629 cm −1 for C=O. The tendency of primary alkyl amines to undergo double N-alkylation with ketonic Mannich bases, and subsequent aldolization of the resulting bis-(ketonic Mannich bases) to N-alkyl piperidinols, has been previously reported [14 -16] . Attempts to isolate the intermediate tetraketo base 18 were unsuccessful due to the ease with which such bases undergo aldolization even at r. t.
Experimental Section
All melting points (uncorrected) were determined on a Gallenkamp electric melting point apparatus. Elemental microanalyses were carried out at the Microanalytical Unit, Faculty of Science, Cairo University. Infrared spectra were measured on a Mattson 5000 FTIR spectrometer. 1 H and 13 C NMR data were obtained in CDCl 3 or [D 6 ]DMSO solution on a Varian XL 200 MHz instrument using TMS as internal standard. Chemical shifts are reported in ppm (δ ) downfield from internal TMS. Mass spectra were recorded on a GC-MS QP-1000 EX Shimadzu instrument. The course of the reaction and the purity of the synthesized compounds were monitored by TLC using EM science silica gel-coated plates with visualization by irradiation with an ultraviolet lamp. Compounds 3f, 8b, 17, and 19 are of limited solubility in common 1 H NMR solvents. Compounds 1b [28] , 2a -d [27] , 2c and e [16] , 3d [16] , and 6 [9] were prepared as previously described.
β -Arylaminopropiophenones 2f -h
A mixture of 1a (2.13 g, 10 mmol) or 1b (2.29 g, 10 mmol) and the appropriate amine (10 mmol) in 50 % aqueous ethanol (80 mL) was refluxed for 90 min. The product obtained on cooling was filtered and crystallized from ethanol to give 2f -h. 
4-(3-Oxo-3-phenylpropylamino)benzamide (2f)
M
3,4,5,6-Tetrahydro-2,4,7-triaryl-2H-1,2,4-triazepines 3a -f
A solution of the appropriate β -(arylamino)propiophenone (2a -h) (5 mmol) and p-nitrophenylhydrazine (0.77 g, 5 mmol) or phenylhydrazine (0.54 g, 5 mmol) in ethanol (30 mL) was heated on a steam bath for 20 min, then formalin (37 %, 0.6 mL, 8 mmol) and acetic acid (0.1 mL) were added. The reaction mixture was heated for 5 min, and the product obtained on cooling was filtered and crystallized from the appropriate solvent to give 3a -f. 
3,4,5,6-Tetrahydro-2-(p-nitrophenyl)-7-phenyl-4-p-tolyl-2H-1,2,4-triazepine (3a)
3,4,5,6-Tetrahydro-4-(p-bromophenyl)-2-(p-nitrophenyl)-7-phenyl-2H-1,2,4-triazepine (3b)
3,4,5,6-Tetrahydro-4-(p-chlorophenyl)-2-(p-nitrophenyl)-7-phenyl-2H-1,2,4-triazepine (3c)

M. p. 190 • C (ethanol). Yield 65 % (reddish crystals
4-(2,3,5,6-Tetrahydro-2,7-diphenyl-1,2,4-triazepin-4-yl)-benzamide (3e)
3,4,5,6-Tetrahydro-4,7-di(p-hydroxyphenyl)-2-phenyl-2H-1,2,4-triazepine (3f)
3,4,5,6-Tetrahydro-4-(p-methoxyphenyl)-2-benzenesulfonyl-7-phenyl-2H-1,2,4-triazepine (4)
A solution of 2b (0.64 g, 2.5 mmol) and benzenesulfonyl hydrazide (0.43 g, 2.5 mmol) in ethanol (30 mL) was heated on a steam bath for 20 min. After standing at r. t. for 2 h, formalin (37 %, 0.3 mL, 4 mmol) and acetic acid (0.1 mL) were added. The reaction mixture was heated for 5 min, and the product obtained on cooling was filtered and crystallized from ethanol to give 4. 
3,4,5,6-Tetrahydro-2,7-diphenyl-3-styryl-4-p-tolyl-2H-1,2,4-triazepine (5)
This compound was obtained from 2a (0.60 g, 2.5 mmol) and phenylhydrazine (0.27 g, 2.5 mmol) in the manner described for the synthesis of 3a -f, except for the use of cinnamaldehyde (0.40 g, 3 mmol) instead of formaldehyde. The product was crystallized from ethanol to give 5. 
1-(p-Anisyl)-5-(p-tolylamino)-1-penten-3-one (7)
A mixture of 
7-(4-Methoxystyryl)-3,4,5,6-tetrahydro-2-phenyl-4-p-tolyl-2H-1,2,4-triazepine (8a)
This compound was obtained from equimolar amounts of 6, phenylhydrazine and formaldehyde (5 mmol) in ethanol (40 mL), following the procedure described for the synthesis of 3a -f. 
7-(4-Methoxystyryl)-3,4,5,6-tetrahydro-2-(4-nitrophenyl)3-styryl-4-p-tolyl-2H-1,2,4-triazepine (8b)
This compound was obtained from equimolar amounts of 6, p-nitrophenylhydrazine and cinnamaldehyde (5 mmol) in ethanol (80 mL), in the manner described for the synthesis of 3a -f. 4-(2,3,5,6-tetrahydro-2,7 diphenyl-1,2,4-triazepin-4-yl)phenol (9) A solution of 3d [16] (1.37 g, 4 mmol), formalin (37 %, 0.4 mL, 5 mmol) and dimethylamine (40 %, 0.56 mL, 5 mmol) in ethanol (50 mL) was refluxed for 6 h. After standing at r. (10) Procedure A: This compound was obtained from equimolar amounts of 9, formalin and dimethylamine (5 mmol) in ethanol (50 mL), following the procedure described for the synthesis of 9. Procedure B: A solution of 3d (1.37 g, 4 mmol), formalin (37 %, 0.8 mL, 10 mmol) and dimethylamine (40 %, 1.12 mL, 10 mmol) in ethanol (50 mL) was refluxed for 8 h. After standing at r. t. for 24 h, the product obtained was filtered and crystallized from ethanol to give 10. M. p. 190 -192 • C. Yield 60 %. The structure was confirmed by a comparison of 1 H NMR data, m. p. and TLC with that from Procedure A.
2-(Dimethylaminomethyl)-
2,6-[Bis-(piperidin-1-ylmethyl)]-4-(2,3,5,6-tetrahydro-2,7-diphenyl-1,2,4-triazepin-4-yl)phenol (11)
This compound was obtained from 3d (1.37 g, 4 mmol), formalin (37 %, 1 mL, 12 mmol) and piperidine (1 g, 12 mmol), following the procedure described for the syn-
